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hazardous waste in the form of contaminated filter media. Although, the
proposed ATCM is expected to cause an increase in the disposal of filters as -
hazardous waste, the increase is not expected to be significant.

7. How are the AB 2588 "Hot Spots" requirements and the ATCM
interrelated?

ARB staff is currently developing amendments to the Air Toxics “Hot Spots”
Emission Inventory and Criteria Guidelines Reguiation to address thermal
spraying operations. These amendments would align with the proposed ATCM
requirements to avoid duplicative requirements and ensure that potential risks
are evaluated and mitigated where necessary. The amendments to the Air
Toxics “Hot Spots” Emission Inventory and Criteria Guidelines Regulation are
expected to be considered by the Board in 2005.

VL. NEXT STEPS

If the proposed ATCM is adopted, the local air districts must implement and enforce the
ATCM. However, if an air district wishes to adopt an alternative regulation, it has 120
days to propose and six months to adopt a regulation that is at least as stringent as the
proposed ATCM. Thermal spraying facilities would need to be in compliance by
January 1, 2006.

VI. RECOMMENDATION

We recommend that the Board adopt the proposed ATCM contained in Appendix A.
The proposed ATCM would require the use of BACT for thermai spraying facilities that
use materials containing chromium or nickel. The proposed ATCM would also require
facility owners or operators to conduct regular monitoring and inspections to ensure that
control devices are operating properly. Benefits from the proposed ATCM include a
reduction in public exposure and health risk, due to reduced emissions of hexavalent
chromium and nickel from thermai spraying operations. |n addition, the proposed
ATCM would result in reduced workplace exposure.
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L INTRODUCTION
LA. OVERVIEW

Thermal spraying (or metal spraying) is a process in which materials are heated to a
molten or nearly molten condition and are sprayed onto a surface to form a coating.
Materials can be heated by combustion of fuel gases (similar to welding) or by using
electricity. Thermal spraying includes processes such as flame spraying, plasma
spraying, high velocity oxyfuel (HVOF) spraying, and twin wire electric arc spraying.
Thermal spraying can be used in a wide variety of industries for numerous applications.
In addition, thermal spraying can be a replacement for some hard chromium
electroplating processes. There are potential serious health risks associated with
thermal spraying, as there are with hard chromium electroplating. As a result, the Air
Resources Board (ARB or Board) directed staff to investigate the health risks
associated with thermal spraying activities.

The ARB staff identified thermal spraying as a source of emissions of hexavalent
chromiurm and nickel. Both of these compounds are classified as toxic air contaminants
(TACs). Hexavalent chromium is a very potent carcinogen, relative to other
carcinogens. For example, the cancer potency factor for hexavalent chromium is
second only to dioxins in terms of carcinogenic potency and is 24,000 times more
potent than perchloroethylene. Although nickel is a much less potent carcinogen than
hexavalent chromium, short-term exposure to relatively low concentrations of nickel can
result in acute health impacts. To reduce the potential health risks associated with
these TACs, ARB staff has developed a proposed airborne toxic control measure
(ATCM). This Initial Statement of Reasons (ISOR) describes the ATCM development
process and provides information on the following items:

Regulatory authority;

Identification of TACs;

Control of TACs;

Physical characteristics of TACs;

Description of thermal spraying operations;

Manufacturer and facility survey data;

Air emissions from thermal spraying operations;

Ambient concentration, exposure and health risk assessment; and
Proposed ATCM and its heaith, economic, and environmental impacts.

LB. REGULATORY AUTHORITY

The ARB's statewide air toxics program was established in the early 1980's. Assembiy
Bill (AB) 1807 (Tanner, Chapter 1047, statutes of 1983), The Toxic Air Contaminant
Identification and Control Act, created California's Toxic Air Contaminant Identification
and Control Program (Air Toxics Program) to reduce the public's exposure to air toxics.
This law is codified in Health and Safety Code (HSC) sections 39650 through 39675.
AB 2588 (Connelly, Chapter 1252, statutes of 1987), Air Toxics "Hot Spots" Information
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and Assessment Act, supplements the Air Toxics Program by requiring a statewide air
toxics inventory, notification of people exposed to a significant health risk, and facility.
plans to reduce these risks.

L.C. TOXIC AIR CONTAMINANT IDENTIFICATION

The identification phase of the Air Toxics Program requires that the ARB, with the
participation of other State agencies, evaiuate the heaith impacts of, and exposure to,
substances and to identify as TACs those substances which pose the greatest health
threat. The ARB's evaluation is made available to the public and is formally reviewed by
the Scientific Review Panel (SRP) established under HSC section 39670. Following
ARB's evaluation and SRP review, the Board identified hexavalent chromium as a TAC
at its January 1986 Board hearing. The Board, at its August 1991 Board hearing,
identified nickel as a TAC. Both compounds were determined to be human carcinogens
without an identifiable threshold exposure level below which no significant adverse
health effects are anticipated. Nickel was also deemed to have acute health impacts.

ILD. CONTROL OF TOXIC AIR CONTAMINANTS
1. Airborne Toxic Control Measures

Once a compound has been identified as a TAC, the Board is required to prepare
a report on the need and appropriate degree of regulation for the compound, and
adopt regulations to reduce emissions of the compound, per HSC section 39665.
These regulations are called Airborne Toxic Conirol Measures {or ATCMs.) In
this document, we use the terms ATCM, regulation, and control measure
interchangeably. Since hexavalent chromium and nickel don’t have Board-
specified threshold exposure levels, California law requires this ATCM to be
based on best available control technology (BACT) or a more effective control
method where cost and risk are taken into consideration.

The Board has adopted three ATCMs to reduce emissions of hexavalent
chromium:

e 1988 - Hexavalent Chromium Airbome Toxic Control Measure for Chrome
Plating and Chromic Acid Anodizing Operations (ARB, 1998a);

o 1989 - Airborne Toxic Control Measure for Hexavalent Chromium For Cooling
Towers (ARB, 1989); and

e 2001 - Airbome Toxic Control Measure for Emissions of Hexavalent
Chromium and Cadmium From Motor Vehicle and Mobile Equipment
Coatings.

* The Chrome Plating and Chromic Acid Anodizing ATCM is currently being updated and is
scheduled for Board consideration in 2005.

None of the existing hexavalent chromium ATCMs address emissions from
thermal spraying operations. Therefore, ARB has developed the proposed
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Airborne Toxic Control Measure for Emissions of Hexavalent Chromium and
Nickel Compounds from Thermal Spraying. The determination to control these
emissions is based on the potential risk to human health from the use of thermal
spraying materials containing chromium and/or nickel. Thus, this ATCM focuses
on a relatively smali segment of the materials that are used in the thermali
spraying industry. The proposed ATCM was developed in cooperation with the
local air districts, the affected industry, and other interested stakeholders.

2. Hexavalent Chromium Control Plan

In February 1988, the Board approved a hexavalent chromium control plan
(control plan) (ARB, 1988). The purpose of this control plan was to set forth the
overall course of action for controlling sources of hexavalent chromium. While
the control plan listed chromium-electroplating facilities as sources to control, it
did not specifically consider the control of hexavalent chromium from thermal
spraying. However, facilities have begun to use thermal spraying as an
alternative for hard chromium electropiating processes.

3. AB 2588 "Hot Spots"” Program

The AB 2588 Air Toxics "Hot Spots" Information and Assessment Act was
enacted in September 1987. Under the AB 2588 program, stationary sources
are required to report the types and quantities of certain substances that their
facilities routinely release into the air. The goals of this program are to collect
emission data, identify facilities having localized impacts, ascertain health risks,
notify nearby residents of significant risks, and reduce risks to public heaith.
Some local air districts have found that thermal spraying faciliies pose a
community health risk due to hexavalent chromium emissions. These facilities
are being addressed through the AB 2588 “Hot Spots” Program. The ARB staff
plans to amend the "Hot Spots" regulation to include thermai spraying as a listed
category. This would require all thermal spraying facilities to prepare and submit
emissions inventories to their local air districts.

4. California Air District Rules

There are currently no local air district rules that specificaily regulate thermal
spraying operations. Some districts have permitted these operations and these
permits have required control devices. Other districts have not required permits
for thermal spraying operations, because the quantities of pollutants emitted fail
below their general permitting thresholds.

Some districts have special permitting rules for facilities that emit toxic poliutants.
These rules establish the health risk ievels that trigger the need for installation of
Best Available Control Technology for Toxics (T-BACT). The South Coast Air
Quality Management District has Rule 1401 (New Source Review of Toxic Air
Contaminants) and Rule 1402 (Control of Toxic Air Contaminants from Existing
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Sources) to control toxic emissions. Rule 1401 applies to air permits for new,
relocated, or modified sources that emit TACs. If the increase in cancer risk from
a modification does not exceed one in a million, T-BACT controls are not
required to obtain an air permit. If the increase in cancer risk is between 1 and
10 in a million, T-BACT controls are required to obtain an air permit. In addition,
the cancer burden must not exceed 0.5 cases. Under Rule 1402, the action risk
level is 25 in a million for cancer risk, a cancer burden of 0.5, or a total acute or
chronic hazard index of 3.0 for any target organ system at any receptor location.
Acute or chronic hazard index is the ratio of the estimated level of exposure over
a specified period of time to its acute or chronic reference exposure level.
Existing facilities that exceed the action risk level must develop risk reduction
plans and implement measures to reduce risks to below the action level.

The San Diego County Air Pollution Control District (SDAPCD) has Rule 1200
(Toxic Air Contaminants — New Source Review) and Rule 1210 (Toxic Air
Contaminant Public Health Risks — Public Notification and Risk Reduction) to
control toxic emissions. If the increase in cancer risk does not exceed one in a
million, T-BACT controls are not required to obtain an air permit. If the increase
in cancer risk is between 1 and 10 in a million, T-BACT controls are generally
required to obtain an air permit. If the increased cancer risk is greater than 10
and up to 100 in a million, it may still be possible to get an air permit if a facility
can meet specific conditions.

The Bay Area Air Quality Management District (BAAQMD) does not have a
specific rule for toxics permitting. However, BAAQMD's permitting policy is
generally consistent with the SCAQMD and SDAPCD toxics new source review
rules. All permit applications for new or modified sources are screened for
emissions of TACs and sources that may present significant health risks are
required to install T-BACT to minimize TAC emissions.

5. National Emission Standards for Hazardous Air Pollutants

in the federal Clean Air Act Amendments of 1990, the United States
Environmental Protection Agency (U.S. EPA) identified chromium compounds
and nickel compounds as Hazardous Air Poliutants (HAPs). Both compounds
were known to have, or may cause adverse effects on human heaith and/or the
environment. In 1992, AB 2728 (Tanner, Chapter 1161, statutes of 1992)
specified that ARB must, by regulation, identify as TACs, the 189 substances
identified by the federal government as HAPs.

For certain designated source categories, U.S. EPA has developed specific
regulations called National Emission Standards for Hazardous Air Poliutants
(NESHAPs). Thermal spraying is not one of the designated categories;
therefore, no NESHAP regulation exists for this source category. However, the
U.S. EPA has identified metal spraying as a process that could potentially be
regulated in the future under their Urban Air Toxics program (EPA, 2002.)
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PUBLIC OUTREACH
1. Outreach Efforts

The ARB staff has made extensive efforts to ensure public participation
throughout the two-year ATCM development process. ARB's public outreach
program involved interaction with:

thermal spraying materials manufacturers and their associations:
thermal spraying facility operators and their associations;
California's air pollution control and air quality management districts;
air pollution contro! agencies in other states;

environmental/pollution prevention and public health advocates: and
other interested parties.

These entities participated in the development and review of two surveys
conducted by ARB staff: the 2003 Thermal Spraying Materials Survey (materials
survey) and the 2004 Thermal Spraying Facilities Survey (facility survey). The
ARB staff also coordinated conference calls, working group meetings, and three
public workshops. Through these efforts, ARB staff obtained information on the
use and emissions of hexavalent chromium, nickel, and other chemicals of
concern in thermal spraying materiais. All parties were given opportunities to
express their concerns, both in public and in private meetings. As part of ARB's
outreach program, staff made extensive personal contacts with industry and
facility representatives, as well as other affected parties through meetings,
telephone calls, and mail-outs.

Outreach Activities Included:

* Forming an ARB/District Working Group and conducting three conference
calls with group members;
» Fomning an ARB{Industry Working Group and conducting four conference
-calls with group members;
» Creating an ARB Thermal Spraying website and maintaining a List-Server
to automatically update interested parties about ATCM developments:
» Providing copies of draft surveys to working group members to obtain their
input and recommendations;
e Conducting a survey by mail and e-mail for 42 thermal spraying material
manufacturers in the United States and Canada;
» Conducting a survey by phone, FAX, and e-mail for facilities in California
identified as potentially conducting thermal spraying operations;
» Making a presentation at the International Thermat Spray Association’s
regional meeting on April 2, 2004, in San Diego.
» Mailing workshop notices and posting workshop materials on ARB’s
website;
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» Conducting three public workshops which allowed for participation by
phone; : - _

o Conducting site visits to three thermal spraying operations to better
understand the thermal spraying processes and facility layouts; and

o Preparing fact sheets regarding the development of the ATCM and making
them available to industry associations, potentially affected facilities, and
the public. '

2. Pubilic Invoivement

As described below, affected industries, other government agencies, and
organizations have been actively involved in the ATCM development process. In
addition to conducting three public workshops, ARB has implemented other
measures to increase the general public's awareness of and participation in this
process.

The ARB staff have made ATCM information available via the ARB website at:
(http://www arb . ca.gov/coatings/thermal/fthermal.him) and have established a
thermal spraying list server to automatically inform subscribers of modifications to
any of the thermal spraying web pages.

Thermal spraying materials manufacturers and industry representatives have
actively participated in the development of this ATCM. The industry has provided
technical information, has commented on the materials survey, the facility survey,
and the proposed regulatory language. Industry involvement inciuded:

numerous telephone conversations with staff;
completion of the materiais survey;

completion of the facility survey; and
participation in conference calls and workshops.

Local air districts have been actively involved in the ATCM development process.
In addition to the ARB/District Working Group, the ARB staff has coordinated with
the California Air Pollution Control Officers Association (CAPCOA) Toxics
Subcommittee. Districts provided data on the thermal spraying facilities in their
areas and information on their permitting requirements for the thermal spraying
industry.

Also, staff obtained information on regulatory requirements in other states,
contacting air pollution control agencies to obtain information on permitiing and
emission calculations for thermal spraying operations.
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3. Data Coliection Tools Used To Assist in Report Preparation

Efforts to obtain data for this ATCM included conducting surveys of air districts,
thermal spraying material manufacturers, and thermal spraying facilities.

District Survey

On November 20, 2002, ARB staff solicited the input and participation of each air
district via a written request to all Air Pollution Control Officers. To assist in
ATCM deveiopment, ARB staff requested information regarding thermal spraying
facilities, material usage, emissions data, and risk assessment information.

Manufacturer Survey

In May 2003, ARB staff mailed the materials survey to thermal spraying
manufacturers throughout the United States and Canada. The materials survey
included thermal spraying materials containing hexavalent chromium, nickel, and
other chemicals of concern. The materials survey requested data on sales,
chemical composition, type of thermal spraying process, customer industry
identification, and customer location. The materials survey was distributed to

42 companies and the response rate was 90 percent (%).

Facility Survey

In January 2004, the ARB staff telephoned, mailed and FAXed a survey to
facilities throughout California identified as using a thermal spraying process.
The facilities were identified through information provided by the local air districts
industry organizations, internet searches, and telephone directories. The data
coliected included information on thermal spraying processes, poliution control
devices, material usage, and operating parameters.
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1. PHYSICAL CHARACTERISTICS, SOURCES AND AMBIENT
CONCENTRATIONS OF HEXAVALENT CHROMIUM AND NICKEL
COMPOUNDS

This chapter summarizes general information on the physical properties, sources,
emissions, ambient and indoor concentrations and atmospheric persistence of
hexavalent chromium and nickel. The information is derived from the Toxic Air
Contaminant Identification List Summaries, unless otherwise noted (ARB, 1997). This
chapter also includes infarmation from the following documents:

+ Staff Repont: Initial Statement of Reasons for Proposed Rulemaking —
Identification of Hexavalent Chromium as a Toxic Air Contaminant (ARB,1985);

* Proposed Hexavalent Chromium Control Measure for Cooling Towers
(ARB, 1989); :

» Staff Report: Initial Statement of Reasons for Proposed Rulemaking —
ldentification of Nickel as a Toxic Air Contaminant (ARB, 1991);

e Proposed Airborne Toxic Control Measure for Emission of Toxic Metals From
Non-Ferrous Metal Melting (ARB, 1992); and

« Airborne Toxic Control Measure for Emissions of Hexavalent Chromium and
Cadmium from Motor Vehicle and Mobile Equipment Coatings: Initial Statement
of Reasons for Proposed Rulemaking Executive Summary/Staff Report
(ARB, 2001).

1ILA. HEXAVALENT CHROMIUM AND HEXAVALENT CHROMIUM COMPOUNDS
1. Physical Properties -

Chromium is an odoriess, steel-gray, hard metal that is lustrous and takes a high
polish. It is extremely resistant to corrosive agents. Chromium can exist in water
in several different states, but under strongiy oxidizing conditions may be
converted to the hexavalent state and occur as chromate anions. Chromium is
soluble in dilute hydrochloric acid and sulfuric acid, but is not soluble in nitric acid
or strong alkalis or alkali carbonates. Table II-1 contains information on the
physical properties of chromium.

Chromium metal is not found in nature, but is produced principaily from the
mineral chromite (chrome ore). Chromite contains chromium in the +3 oxidation
state, or chromium (ilf). Chromium combines with various other elements to
produce compounds, the most common of which contain either trivalent
chromium (Cr*3, the +3 oxidation state), or hexavalent chromium (Cr*é, the +6
oxidation state). Trivalent chromium compounds are sparingly soluble in water,
while most hexavalent chromium compounds are readily soluble in water.
Chromium forms a number of compounds in other oxidation states; however,
those of +2 (chromous), +3 (chromic) and +6 {chromates) are the most important.
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Table {I-1: Physical Properties of Hexavalent Chromium
Synonyms: Chrome VI, Cr*®
Atomic Weight: 51.966
Atomic Number: - 24
Valences: 1-6
Boiling Point: 2642 °C
Melting Point: ' 1900 °C
Vapor Pressure: 1 mm Hg at 1616 °C
Specific Gravity: 7.14 :
(ARB, 1997)

2. Sources

Thermal spraying is a source of hexavalent chromium emissions. Thermal
spraying involves spraying molten or nearly molten materials o form a coating.
Thermal spraying materials rarely contain hexavalent chromium as an ingredient.
However, hexavalent chromium can be present as a contaminant or it can be
created during the thermal spraying process. Based on ARB's 2003 Thermal
Spraying Materials Survey (ARB, 2004), the most common use of chromium in
thermal spraying is as part of a metal alloy (Cr, CAS# 7440-47-3). Other forms of
chromium used in thermal spraying materials are chromium carbide (Cr3Co,
CAS# 12012-35-0), chromium oxide (Cr03;, CAS# 1308-38-9); and trivalent
chromium (Cr*®, CAS# 16065-83-1).

Chromium electroplating is another source of hexavalent chromium emissions.
In the chromium electroplating process, an electrical charge is applied to a
plating bath containing an electrolytic salt (chromium anhydride) solution. The
electrical charge causes the chromium metal in the bath to fall out of solution and
deposit onto various objects placed into the plating bath. The desired thickness
of the metal layering determines the type of chromium electropiating process.
Decorative chromium plating is the application of thin layers of chromium to a
surface (e.g., faucets and automotive wheels). Hard chromium plating applies a
substantially thicker layer on surfaces that require greater protection against
corrosion and wear (e.g., engine parts and industrial machinery). Hexavalent
chromium emissions appear as a mist from the plating bath during the
electroplating process.

Hexavalent chromium is a permanent and stabie inorganic pigment used in
paints, rubber, and plastic products. The most commonly used form of
hexavalent chromium pigment is lead chromate. The spraying of chromated
paints is a source of hexavalent chromium emissions. Hexavalent chromium
emissions ¢an also occur from firebrick lining of glass fumaces. Other stationary
sources of hexavalent chromium emissions are electrical services, aircraft and
parts manufacturing, and steam and air conditioning supply services.
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3. Emissions

Statewide hexavalent chromium emissions from stationary sources in 2002 are
estimated to be about 1,085 pounds, based on data supplied under the Air
Toxics “Hot Spots” Program. Statewide hexavalent chromium emissions from
thermal spraying operations in 2002 are estimated to range from nine to 66
pounds. The nine pounds per year estimate represents actual emissions based_
on facility reports of material usage. The 66 pounds per year estimate is a
maximum potential emissions quantity based on materials sales reported to ARB
by thermal spraying material manufacturers.

4. Natural Occurrence

Chromium is a naturally occurring element found in rocks, animals, plants, soi,
and in volcanic dust and gases (ARB, 1997). Trivalent chromium is a component
of most soils. In areas of serpentine and peridotite rocks, chromite is the
predominant chromium mineral. Deposits of five to ten percent chromite have
been found in beach sands and streams in several California counties. Also,
chromium has been found in non-serpentine areas of California at concentrations
as high as 500 parts per miliion (ARB; 1997).

Chromium in soil is generally in an insoluble, biologically unavailable form, mainly
as the weathered form of the parent chromite or as the chromium (lll) oxide
hydrate. Weathering and wind action can transport chromium from the soil to the
atmosphere. Generally, such mechanical weathering processes generate
particles greater than ten micrometers in diameter, which have significant settling
velocities. The extent to which natural sources of chromium contribute to
measured ambient chromium levels in California is not known. Ambient
chromium derived from soil is expected to exist as trivalent chromium (ARB,
1997). ' '
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5. Ambient Concentrations

Chromium compounds and hexavalent chromium are routinely monitored by the
statewide ARB air foxics network. The monitoring results indicate that
hexavalent chromium concentrations have declined in recent years. The
statewide mean concentration of hexavalent chromium has decreased from
0.27 nanograms per cubic meter (ng/m? in 1992 to 0.101 ng/m*in 2002. For
hexavalent chromium ambient monitoring, the Ilmlt of detection has also
decreased from 0.2 ng/m® in 1992 to 0.06 ng/m®in 2003. Therefore, the mean
concentrations for 2003 are based on more precise measurements of ambient
concentrations. Monitoring results below the limit of detection are assumed to be
one-half the limit of detection or 0.1 ng/m* prior to 2003 and 0.03 ng/m® smce
2003.

Table 1I-2 shows the hexavaient chromium mean concentration at various
monitoring sites in local districts with thermal spraying facilities (ARB, 2004a).

Table 1I-2: Hexavalent Chromium Mean Concentration in Local Air Districts
with Thermal Spraying Facilities
District ARB’s Air Toxics Network Year Mean
Monitoring Site Concentration
(ng/m’)
Bay Area Air Fremont-40733 Chapel Way 2003 0.045
Quaiity San Francisco-10 Arkansas St. 2003 0.145
Management San Jose-156B Jackson St. 2003 0.098
District San Jose-120B North 4™ St. 2000 0.13
Concord-2975 Treat Blvd. 1999 0.10
San Pablo-759 El Portal ‘ 1999 0.10
Richmond-1144 13" St. 1996 0.13
San Diego County | Calexico-1029 Ethe! St. 2003 0.088
Air Poltution Chula Vista-80 E. J St. 1 2003 0.063
Control District El Cajon-Redwood Ave. 2003 0.038
San Joaquin | Bakersfield-5558 California Ave. 2003 0.053
Valley Air Stockton-1601 E. Hazelton St. 2003 0.13
Pollution Control | Fresno-3425 N. 1! St. 2003 0.05
District Modesto-814 14™ St. 1999 0.10
Modesto-1100 | St. 1997 0.11
Bakersfield-225 Chester Ave. 1993 0.21
South Coast Air Azusa-803 Loren Ave. 2003 0.09
Quality Los Angeles-1630 N. Main St. 2003 0.07
Management Riverside-5888 Mission Bivd. 2003 0.348
District Burbank-228 W. Paim Ave. 2002 0.123
N. Long Beach- . 2002 0.078
3648 North Long Beach Blvd. _
Ventura County Simi Valley-5400 Cochran St. 2003 0.06
Air Pollution :
Control District
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Data on ambient concentrations of hexavalent chromium indicate that hexavalent
chromium comprises 3 to 8 percent of total ambient chromium concentrations.
Chromium in ambient air-has been reported to contain principally respirable
particulates, with a mass median diameter of about 1.5 to 1.9 micrometers

(ARB, 1997).

6. Indoor Sources and Concentrations

The extent of exposure to airborne chromium in the indoor environment, other
than in the workpiace, is not known. There are no direct consumer uses of
chromium that could lead to indoor emissions of chromium compounds.
Although cigarettes are known to contain chromium, the intake of chromium from
smoking is not known (ARB, 1997).

In a field study conducted in Southern California, investigators collected particles
{PM,) inside 178 homes and analyzed the samples for selected elements,
including chromium. Two consecutive 12-hour samples were collected inside
and immediately outside of each home. Chromium was present in measurable
amounts in less than 25 percent of the indoor or outdoor samples (ARB, 1997).

A study in Southern California measured chromium inside vehicles during the
summer of 1987 and winter of 1988. An average chromium concentration of 12
ng/m® and a maximum concentration of 41 ng/m> were measured (ARB, 1997).

7. Atmospheric Persistence

Atmospheric reactions of chromium compounds were characterized in field
reaction studies and laboratory chamber tests. These results demonstrated an
average experimental half-life of 13 hours (ARB, 1997). Physical removal of
chromium from the atmosphere occurs both by atmospheric faltout (dry
deposition) and by washout and rainout (wet deposition). Measurements have
shown that most chromium deposition occurs through wet deposition. Chromium
particles of less than five micrometers (aerodynamic equivalent) diameter may
remain airborne for extended periods of time, allowing iong distance transport by
wind currents. Consequently, meteorological conditions can play a significant
role in the dispersion of chromium emitted from some sources (ARB, 1997).
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ILB. NICKEL AND NICKEL COMPOUNDS
1. Physical Properties

Nickel is a silvery white metal that retains a high polish. Nickel is malleable,
ductile, ferromagnetic, corrosion resistant and a good conductor of electricity and
heat. Nickel compounds range from guite soluble in water to practically insoluble
in water. The most common oxidation state of nickel is the divalent form (N#*).
Nickel acetate, bromide, chloride, iodide, nitrate and sulfate are soluble in water.
Nickel oxides, hydroxides, sulfides, arsenide, chromate, carbonate, phosphate
and selenide are insoluble in water. Properties for nickel compounds vary
depending on the particular compound. See Table li-3 for information on the
physical properties of nickel.

Table lI-3: Physical Properties Of Nickel
Synonyms: Raney Alioy, Raney Nickel
Atomic Weight: 58.69
Atomic Number: 28
Valences: 2and 3
Boiling Point: - 12730°C
Melting Point: .| 1453 °C
Vapor Pressure: 1mm at 1,810°C
Specific Gravity: 8.9
(ARB, 1997)
2. Sources

Thermal spraying is a source of nickel emissions. Thermal spraying involves
spraying molten or nearly molten materials to form a coating. Many thermal
spraying materials are nickel-based and may contain a combination of nickel with
chromium, cobalt, and other toxic air contaminants. Some materials contain
more than 90% nickel and a small percentage of another metal (e.g., aluminum.)
Based on the ARB’s 2003 Thermal Spraying Materials Survey (ARB, 2003), the
most common use of nickel in thermal spraying is as part of a metal ailoy

(Ni, CAS# 7440-02-0).

Nickel is normally used in the manufacture of various metal alloys. Generally,
nickel is alloyed with iron, copper, chromium, aluminum and zinc. Nickel and
nickel compounds are used in electroplating, ceramics, weiding, jewelry and
coins. Nickel is also used for manufacturing corrosion-resistant alioys and the
production of catalysts and batteries (ARB,1991.)

Nickel acetate is used as a hydrogenation catalyst. It is an intermediate in the

formation of other nickel compounds, and is used as a sealant in aluminum
manufacturing and in electroplating. Nicke! carbonate is used as a purification
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intermediate in refining nickel; and as a cétalyst in the petroleum, plastic and
rubber industries (ARB, 1991.)

Fuel combustion (residential oil, distillate oil, coke and coal) accounts for the
majority of statewide emissions of nickel. Particles that result from combustion
are characteristically less than one micrometer (um) in diameter, while large
particles (greater than 10 um) are likely to arise from dust and fugitive emissions.
Nickel has also been discovered or identified in vehicle exhaust (ARB, 1997.)

3. Emissions

Statewide emissions 6f nickel and. nickel compounds from stationary sources in
2002 are estimated to be at least 54 tons per year, based on data supplied under
the Air Toxics “Hot Spots™ Program. .

The statewide emissions of hickel and nickel compounds from thermal spraying
are estimated to range from 105 to 740 pounds in 2002. The 105 pounds per
year estimate represents actual emissions based on facility reports of material
usage. The 740 pounds per year estimate is a maximum potential emissions
quantity based on raw materials sales reported to ARB by thermal spraying raw
material manufacturers.

4. Natural Occurrence

Nickel is present in the earth’s crust at 0.018 percent and is found in ores
(sulfides, arsenides, antimonides and oxide or silicates). The most prevalent
forms are nickel sulfate and oxides. Primary sources are chalcopyrite, pyrrhotite,
pentlandite, ganierite, nicolite, and millerite. Nickel and nickel compounds
comprise 0.03 percent of the particulate matter in the atmosphere. Nickel
powders are deposited as meteoritic dust from the stratosphere. Sources of
natural emissions of airborne particles containing nickel are included in soil, sea
spray, volcanoes, forest fires and vegetation. Wind erosion and volcanic activity
contribute 40 to 50 percent of the atmospheric nicke! from natural sources

(ARB, 1991.)

5. Ambient Concentrations

ARB’s statewide air toxics network regularly monitors nickel and nickel
compounds. ldentified as a TAC in June 1991, ARB estimated that emissions of
nickel and nickel compounds result in a population-weighted annual
concentration of 7.30 ng/m® (ARB, 1991). The statewide mean concentration of
nickel compounds has remained relatively stable at 4.1 ng/m’in 1992 to 4.5
ng/m?® in 2002. For nickel monitoring, the limit of detection has decreased from 2
ng/m?® in 1992 to 1 ng/m®in 2003. Therefore, the mean concentrations for 2003
are based on more precise measurements of ambient concentrations.
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Table 114 shows the mean concentration of nickel and nickel compounds at
various monitoring sites in local districts with thermal spraying facilities

(ARB, 2004b}).
Table lI-4: Nickel Mean Concentration in Local Air Districts with Thermal
Spraying Facilities
District ARB'’s Air Toxics Network: Year Mean
Monitoring Site Concentration
(ng/m?)
Bay Area Air Quality San Francisco-10 Arkansas St. 2002 - 4.2
Management District : :
San Jose-120B North 4™ St. 2001 4.6
Fremont-40733 Chapel Way 2000 2.3
Concord-2975 Treat Bivd. 1999 3.3
| San Pablo-759 E| Portal 1999 2.2
Richmond-1144 13" St 1996 3.1
San Diego County Air Calexico-1029 Ethel St. 2003 3.5
Pollution Control District
Chula Vista-80 E. J St. 2003 3.8
El Cajon-Redwood Ave. 2002 3.2
San Joaquin Valley Air Bakersfield-5558 California Ave. 2003 3.3
Poilution Control District
Stockton-1601 E. Hazelton St. 2002 6.1
Fresno-3425 N. 15 St. 2002 2.2
Modesto-814 14" St. 1899 2.3
Modesto-1100 | St. 1897 24
Bakersfield-225 Chester Ave. 1993 4.8
South Coast Air Quality Azusa-803 Loren Ave. 2002 12.5
Management District
Burbank-228 W. Paim Ave. 2002 56
Los Angeles-1630 N. Main St. 2002 6.4
N. Long Beach- 2001 7.4
3648 North Long Beach Bivd.
Riverside-5888 Mission Blvd. 2002 5.4
Ventura County Air Simi Valley-5400 Cochran St. 2002 26

Pollution Control District

6. Indoor Sources and Concentrations

Tobacco smoke is an indoor source of nickel. A single cigaretie contains one to
three micrograms (ug) of nickel and a portion of that nickel becomes airborne
during smoking (ARB, 1991.) Other sources of indoor airbome nickel emissions
include house dust and the use of consumer products containing nickel

(ARB, 1997.)
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In a field study in Southern California, investigators coliected particles (PM1o)
inside 178 homes and analyzed them for selected elements, including nickel. -
Two consecutive 12-hour samples were collected inside and immediately outside
of each home. Nickel was present in measurable amounts in less than

10 percent of the indoor or outdoor samples (ARB, 1997).

7. Atmospheric Persistence

For nickel and nickel compounds, the atmospheric half-life and lifetime are
estimaied to be 3.5 to 10 days and 5 to 15 days, respectively. Nickel particulate
is removed from the atmosphere by wet or dry deposition. The nickel associated
with atmospheric pollutants is almost always detected in particulate matter.
Nickel is continuously transferred between air, water and soil by natural,
chemical and physical processes such as weathering, erosion, runoff,
precipitation, and stream and river flow (ARB, 1991).
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.  SUMMARY OF THERMAL SPRAYING OPERATIONS

This chapter provides a general overview of thermal spraying operations and a brief
description of the materials used in these operations.

lLA. OVERVIEW

Thermal spraying (or metallizing) is a process in which metals are deposited in a molten
or nearly molten condition to form a coating. Typical coating thickness ranges from 25
to 11,000 micrometers and bond strengths can range from 5,000 — 45,000 pounds per
square inch (psi) (Gansert, 2003). Coating materials can include pure metals, metal
alloys, carbides, oxides, ceramics, and ceramic metals (cermets). The material is
usually in the form of a powder or wire, but there are some applications where a
ceramic rod is used. Powders are manufactured in a variety of mesh particle sizes,
usually finer than 120 mesh
(125 microns) (AWS, 1985).

Energy sources include use of an oxyacetylene flame and an electric arc. Once the
material becomes molten, it is delivered to the surface with air or gas pressure. The
coating is formed by building up layers of molten droplets that flatten and solidify,
thereby forming a mechanical bond to the surface. During the deposition process,
the part surface remains much cooler than the molten material, rarely exceeding
250°F -300°F. Therefore, thermal spraying can be a suitable coating technique for
substrates that cannot tolerate high temperatures.

For more severe service, a therinally sprayed coating may be sealed with a thin
conventional organic coating (paint) or silicone. In many cases thermally sprayed
surfaces are machmed to provide the desired finish.

Thermal spraying began in Europe in the early 20" century and was introduced in the
United States in the 1920s. During World War Il, the use of thermal spraying increased
significantly as a method for repairing parts in industrial equipment. The use of thermal
spraying has steadily increased over the years and the thermal spraying market was
estimated to be greater than two bitlion dollars in 2000 (ITSA, 2003).

Thermal spraying is conducted at a variety of facilities. Some businesses conduct
thermal spraying as a service to other businesses, while others use thermal spraying at
their own manufacturing and repair facilities (e.g., aerospace rework). Most of the
businesses in California are machine shops or job shops that provide thermal spraying
services to other businesses. Smaller businesses will generally use the relatively low-
cost thermal spraying technologies (e.g., twin-wire electric arc spraying and flame
spraying), while larger businesses may invest in more expensive technologies (e.g.,
High Velocity Oxygen Fuel (HVOF)) and robotically-controlled application methods.
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l.B. THERMAL SPRAYING PROCESSES

Tabie Ill-1 summarizes the primary types of thermal spraying processes that are in use.
Each of these processes is described in greater detail in the following sections.

Table 1lI-1: Thermal Spraying Processes

Process Material Form Energy Source

Flame Spraying Powder, Wire, Rod | Oxyacetylene Flame

Twin-Wire Electric Arc | Wire Efectric Arc

Spraying

Plasma Arc Spraying | Powder Plasma Gun

HVOF Powder Oxygen, Hydrogen, & Fuel (e.g. methane)
Detonation Gun Powder Spark Ignition of Explosive Gas Gun

1. Fiame Spraying

Flame spraying can be accomplished using materials in either a powder form or
a wire/rod form. The flame can be produced using acetylene, propane, or
another flammable gas. Flame-sprayed coatings may not be suitable for high-
quality applications that require a very low level of oxides and porosity.

For powder flame spraying, the powder is stored in a hopper and is propelled
through the gun by compressed gas (see Figures lli-1 and Ill-2). The molten
drops are propelled to the part surface by a high-velocity stream of air that
surrounds the flame or via a diverted stream of the fuel gases. Powder flame
spraying can achieve particle velocities of 130 ft/s (40 m/s) (Halldearn, 2001) and
temperatures of 5,400°F (3,000°C) (Sulzer Metco, 2003). The deposition rate for
powder flame spraying can reach up to 22 Ibs/hr (10 kg/hr) of applied material
(Halldearn, 2001). This is a relatively inexpensive process that is suitable for
portable applications.

Figure IlI-1: Typical Powder Flame Spraying Gun
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(AWS, 1985)
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Figure Il-2: Typical Powder Flame Spréying Equipment
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For wire flame spraying, a mechanized system feeds the wire through the gun into the
oxygen-fuel flame where it is melted (see Figures HlI-3 and li-4). The molten drops are
propelled to the part surface by a high-velocity stream of air that surrounds the flame.
Particle spray velocities can be as high as 1,150 ft/sec (350 m/sec) (ATEM, 2001) and
flame temperatures can reach 5,400°F (3000°C) (Sulzer Metco, 2003). The deposition
rate for wire flame spraying can be as high as 130 Ibs/hr (60 kg/hr) (Halldearn, 2001).
This is a relatively inexpensive process that is suitable for portable applications.

Figure lll-3: Typical Wire Flame Spraying Gun
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Figure lll-4: Typical Wire Flame Spraying Equipment
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(AWS, 1985)
2, Twin-Wire Electric Arc Spraying

Two oppositely-charged wires are fed through a gun and brought together where
they form an electric arc that melts the wires (see Figures 1ll-5 and 11i-6). A high-
velocity air stream (up to 100 m/s) propels the molten drops to the part surface
where they form a dense coating that can be superior to flame-sprayed coatings
(Halidearn, 2001). This process can generate temperatures up to 10,000°F
(5,538°C) (Flame Spray, 2003). Electric arc equipment is considered to have the
highest productivity rate among thermal spraying processes and it can deposit up
to 132 Ibs/hr (60 kg/hr) (Halldearn, 2001) with particle velocities as high as

250 misec (820 f/sec) (Zowarka, 1998). This is a relatively inexpensive process
and it doesn’t require the use of a fuel gas. It is also suitable for portable
applications.

Figure 11I-5: Typical Twin-Wire Electric Arc Spray Gun
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Figure [11-6: Typical Twin-Wire Electric Arc Spray Equipment ,
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(AWS, 1985)
3. Plasma Arc Spraying

A plasma jet is generated by feeding a gas (e.g., hydrogen, nitrogen, argon,
helium) through an electric arc which ionizes the gas (see Figures 11I-7 and 1II-8).
The plasma process can generate particie velocities greater than 500 m/s, which
forms a dense coating (AWS, 1985). Higher impact velocities result in higher
bond strengths. Plasma spraying can generate the highest temperatures of all
thermal spraying processes, reaching as high as 28,800°F (16,000°C) (Sulzer
Metco, 2003). Therefore, plasma spraying can be used for ceramics and other
materials that cannot be melted in other thermal spraying processes. The
deposition rate for plasma spraying can reach 10 Ibs/hr (5 kg/hr)

(Halidearn, 2001). This is a relatively expensive process, as compared to fiame
spraying and twin-wire electric arc spraying.

Figure llI-7: Typical Plasma Spray Gun
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Figure lI-8: Typical Plaéma Flame Spraying Equipment
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4. High Velocity Oxygen Fuel (HVOF)

HVOF uses a unique nozzle design and extremely high velocity gas to propel
molten drops to a part surface. Gas temperatures are as high as 5,400°F
(3,000°C) (Sulzer Metco, 2003). Particle velocities can reach

1000 m/s (Halldeam, 2001). The HVOF process can create extremely dense
coatings that have high bond strengths and low stresses. The deposition rate for
HVOF can be as high as 10 Ibs/hr (5 kg/hr) (Halldearn, 2001). This is a relatively
expensive process, as compared to flame spraying and twin-wire electric arc
spraying.

5. Detonation Gun

The detonation gun has a long barrel, into which powder and fuel gas are
injected. The fuel gas is ignited by a spark plug within the barrel and the
resulting explosion melts the powder and propels the moken drops to the part
surface (see Figure IlI-9). After each detonation, the barrel is purged with
nitrogen gas. Repeated detonations build up a hard, dense coating surface.
Detonation guns can achieve particle velocities of 2,500 fi/s (760 m/s) and
temperatures of 6,000°F (3,315°C) (AWS, 1985).
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I.C.

Figure I1-9: Typical Detonation Gun
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6. Other Related Processes

Plasma Transferred Arc (PTA) surfacing is a welding process in which the
powder is introduced into a combined arc/plasma stream to form a molten pool
on the work-piece. The arc between work-piece and gun also results from
surface melting of the base material, and a dilution of 5~15% in the deposit is
typical. Coating thickness ranges from 1-6 mm, and deposit rate is up to 12 kg/h.
Some thermal spraying materials can be used for both PTA and flame spraying
processes. '

THERMAL SPRAYING APPLICATIONS

Thermal spraying has a wide variety of applications in numerous industries, including
the following:

Repair or build-up of worn or damaged surfaces
Wear Resistance

Corrosion Resistance

Undercoat for paint

Temperature Resistance/lnsulation

Electrical Conductance

1. Benefits

The benefits of thermal spraying have led to a continual expansion of
applications and technologies. For corrosion prevention, the cost of thermal
spraying may initially be higher than fraditional painting, but thermally sprayed
coatings can last much longer. Therefore, the life cycle cost for thermal spraying
may actually be lower than the cost of painting. In addition, thermal spraying
does not require time for curing and it can eliminate or reduce emissions of
volatile organic compounds. For damaged or worn surfaces, the cost of using a
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thermally sprayed coating to repair the surface can be much less than the cost of
replacing the part. In some cases, inexpensive metals can be used toform a -
part that can be coated by thermal spraying to produce a high-quality surface. If
therma! spraying is used as a replacement for hard chromium electroplating, it

can reduce the emissions of hexavalent chromium.

2, Industrial Applications

Table lil-2: lists some of the industrial appiications for thermal spraying and the
types of materials that are used to form a coating.

Table Ili-2: Thermal Spraying Industrial Applications
industry Apply Coatings To: Coating Materials Benefit
Aerospace Jet engine components | Chromium carbide Heat control,
cermet, tungsten wear resistance,
carbide/cobait and build up of
damaged
surfaces
Jet engine fan blades | Tungsten Carbide, improve
Copper/Nickel/Indium durability and
Alloy, Chromium Carbide | prevent surface
fatigue wear
Jet engine gas path Abradable materials (Al Wear resistance
seals Co, Cu, Ni), alumina, for rotating blade
alumina-titania, nickel- tips
aluminum cermet, nickel-
chromium-chromium
carbide
Aircraft landing gear Tungsten carbide, Sliding wear
chromium carbide resistance,
replacement for
hard chrome
electroplating
Jet engine turbine Tungsten carbide-cobalt Fretting wear
components resistance
Airfoils, combustors, Cobalt-chromium-nickel Build up
blades, vanes damaged
surfaces and
prevent oxidation
Aerospace Composite aircraft Aluminum Protect against
panels lightning strikes
and dissipate
electricity
Jet engine combustors | Zirconia-yttria Thermal barrier
and nozzle guide coating
vanes
Helicopter puileys High carbon steel Rebuild surface
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Table HI-2: Thermal Spraying industrial Applications
industry Apply Coatings To: Coating Materials - Benefit _
Agricuiture Crop harvesting Tungsten carbide-cobalt | Wear resistance
machinery (knives,
blades, flails, bars)
Automotive Plastic components in | Aluminum, stainless Electromagnetic
automobile ignitions steel, zinc Interference
{EMI) shielding
Engine valve lifters Iron-carbon- silicon- Reduce engine
(made of aluminum manganese weight
rather than steel)
Aluminum brake discs | Ceramic Reduce brakes
weight
Integrated circuit Aluminum oxide/ Prevent electrical
brackets in automotive | Magnesium oxide shorting
computers
Chemical Storage vessel Stainless steel Corrosion
Manufacturing resistance
Computers/ Apply metal coatings to | Aluminum, copper, silver, | Create electrical
Electronics . non-conductive zinc circuits
substrates
Paper or polymeric TinfZinc Enable electrical
capacitors connection
Electronic component | Aluminum, copper, zinc EMI shielding
housings
Electronic components | Aluminum oxide, Wear resistance
magnesium oxide and insulation
Medical Replacement hips Titanium, synthetic bone | Promote fixation
in body
Marine Marine structures Copper-nickel, aluminum | Corrosion
bronze resistance
Ship hulls, decks, Zinc Corrosion
rudders, lifeboats, etc. resistance
Piers, pilings, ferry Zinc Corrosion
berths resistance
Military Landing gear on Cobalt, tungsten carbide; | Resurfacing,
military aircraft aluminum replacement for
hard chromium
electroplating
High temperature Zirconia- titanium oxide- Resurfacing
steam valves on Navy | yttria
ships ' :
Helicopter flight decks | Aluminum Non-skid coating
on Navy ships
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Table lll-2: Thermal Spraying Industrial Applications
industry Apply Coatings To: Coating Materials ‘| Benefit
Oil/Gas Drill bit cones and Tungsten carbide-cobalt, | Prevent corrosion
exploration other drilling chromium oxide and provide wear
and refining components resistance
Offshore platforms Aluminum, zinc Corrosion
resistance
Pipelines Zinc Corrosion
resistance
Power plants Transmission towers, Aluminum, zinc -Corrosion
water tanks, etc. _ . resistance
Combustion Yttria-Zirconia, stainless Prevent oxidation
components (e.g., steel damage and
boiler tubes, provide corrosion
hydroelectric turbine protection
parts)
Turbine combustion Zirconia coating Thermal barrier
chambers coating
Pulp and paper | Drive rollers Tungsten carbide Provide a long-
lasting surface
that is rough
enough to move
paper without
tearing paper
Yankee dryers that dry | Stainless steel, Resurfacing and
tissue paper at paper molybdenum-nickel- wear resistance
mills chromium-boron-silicon
(MoNiCrBSi) ‘
Central impression Nickel superalioy Resurfacing
cylinders at printing
presses
Anilox rolls that Chromium oxide ceramic | Resurfacing and
transport ink in wear resistance
flexographic printing
machines
Gloss calendar rolls Tungsten carbide-nickel- | Wear resistance
chromium, tungsten
carbide-cobalt
Pump/Motors | Pump sleeves, shafts, | Stainless steel Corrosion
etc. resistance and
wear resistance
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Table lll-2: Thermal Spraying Industrial Applications
Industry Apply Coatings To: Coating Materials - -| Benefit
Steel Mills Hearth rolls that Ceramic Repair surface,
transport steel sheets provide wear
through annealing resistance, and
furnaces prevent thermal
shock
Repair sink rolis that Tungsten, carbon, cobalt, | Repair surface
transport steel sheet chromium, nickel,
through the galvanizing | aluminum, yttrium, oxide
pot.
Process rolls in a steel Resurfacing and
mill cotrosion
resistance
Textile Thread guides, roflers, | Ceramic, chromium oxide, | Protect against
etc. ' alumina-titania abrasive fibers
Transportation | Bridges and concrete | Aluminum, zinc Cormrosion
columns resistance
Railroad cars Zinc Corrosion
resistance,
prevent
contamination of
. transported fluid
Bicycle rims Aluminum oxide ceramics, | Wear resistance
carbide-based ceramic
metals

lll.D. THERMAL SPRAYING ANCILLARY EQUIPMENT

1. Spray Booths

For many sources, thermal spraying is conducted in spray booths, equipped with
filters or water curtains which capture most of the solid overspray that is not
deposited on the part. Traditionally, the spray booths for thermal spraying were
equipped with water curtains, but the use of high-efficiency dry filters has
increased with increasing concerns about toxic emissions. Smaller facifities may
use local exhaust to draw fumes away from the operator, but these units may not
be equipped with filters that control particulate emissions. Other facilities may
not use any type of control equipment or local exhaust.

2. Control Devices

Thermal spraying generates airborne metal dusts that can resutt in toxic air
emissions, as well as explosion hazards. Aluminum dust is considered to be
particularly hazardous, because it can generate explosive hydrogen gas in the
presence of water. Ventilation and dust collection systems must be designed
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